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Abstract

The present paper examines ihe practical aspects of using the mousetrap plane wave
generator design to shlck-harden metal targets (f ion and copper. A-he paper investigates
three driver plate designs and t&w plate iazes and compapes *-e experimnental x-ray piate
profile with that provided by t1e modelling code lyna 3D for dhe same nrn conditions. For
tie larger driver plate series of 110 mm square, $he central planar area available for shock,
hardening using tfltefid plAe comporedm avouraWy uWth that provided by the driver
design incorporating steel edge confinement. Dnivers using explosive overhang as driver

edge confinement provided the smallest central planar area for shock hardening. Shock
hardenirg was no. possible with smaller drlues of 55 mm square due to the degre, of plate
curvature expaienred before target impact. T7e modelling code Dyna 3D provided close
grmnent with experiment for the smaller driver sees except whAe steel edge

confinement no used, Wdulefoir t lager dritve serifes the modelling code consistently
SrwWced plate cuiviirfi .all dhwesigauuia was "nerenWe mn practice,
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JT.

Shock Pulse Generation Using
Explosive-Driven Metal Drivers -

Practical Considerations

1. Introduction

The quantitative study of materiaW behaviour under high strain-rate impulsive
loading conditions, requires the capability to accurately reproduce planar shock
pulse loading with the identical characteristics of the system under investigation.
In the past the most common approach has been to generate planar shock waves
using either a two-explosive, inert core lens system [1,2] or a flying plate

generator which is often referred to as the mousetrap design [1-6].
The mousetrap design uses the ratio of the driven plate velocty to explosive

detonation velocity to effect refraction within the target material. Although
relatively simple in principle, this device is known to suffer from several inherent
defects, the most notable being that the outer edges of the driver plate wteive 4.

shorter loading pulse than the plate centre. Lhe resultalt plate edge lar,
substantially reduces the available planar area of the original 11yer plate. For high
strain-rate shock hardening studies of metal samples, this available planar o-ea
govers the useable sample size. Precise manufacture of the mousetrap apparatus
is also required to ensure reproducible pirate wave conditiois (1). The two-

*i expluove, rlane wave initiating lens, although having the potential to provide
"greater accurcy,, requires precision explosive prmsing, casting or machiningcapabity for mo-aufacture: facilities which are not always readily available. When

used to prmpel a ph.e, explosive tens systems also delivera non-uiforn, pressume
pulse again diw to ed-,> parasure lo,, vdiicl m~uIts in muvature of the dfivira
PiAte. I11,

STo obvi.te the need for ;pecialised expiosave tuiazng am 4 cazýug faCW.lities,1t
iGmousetrap plke wave geneoator design was chosen for Aick h-tiening metal
uargeta.The prmwt paper reports on tie implemmitati of ths design to deliver
a pted nnikrd parwar slvck pulse (or sho& haddeoif,8 of seltwed W etal ta rgdets,

* i To aist in dxiver plte desin and oplia•ition, the Finite Mlement Analyc•is
(FEA) code DYNA3D, was used to simulate driver edge pofile formation for

"eCh driver P~adomguftuaoa UAdeir csiMUMon

4.,



2. Experimental Theory

2.1 Assembly Design Considerations

The flying plate, plane wave generator assembly used for the shock-hardening
study is illustrated in Figure 1. Essentially this is a two stage device. Firstly,
detonation of the line wave initiator at the apex of the perforated triangular area
is designed to provide a linear detonation front for initiation of the remaining
unperforated section of the explosive/glass sandwich. The separation angle
between the glass plane wave initiator and main flyer charge is calculated using
the detonation velocity of the sheet explosive, to ensure that all the explosively
driven glass particles arrive simultaneously at the driver plate explosive charge
surface and thus guarantee planar initiation .

Line-wave
Initiator -a 

a

Glass
plato.

*; L 1ae

" • train

explosive
Schatile

ttetal

"" driver

plate

U+iTettlm lnrpesr us pr'oduced by the driver plate explosive is
*.. rn~ne to the driver plate and ensure that the driver plate front fact re-lauts

* i* . ~llt the taret sfa, donImpac with the target delivers an essentially
* l-W ia-opped copesv ~~tepulse. Th above ope.rutionsa)•qu i

! :..• d~o•,•sche.• a~caiUy in lu. , practice, however, the use of anu.'fie

Si• cha~~edsuchibl • tusedqi sot s pullnc.~ •u' inth unsi piate ue t~~ '

. -t•; ~~To ensure the target re,:ei,,es only a compressive shock pulse followed by an •.
•: accompanyin rarfatlion, careMl consderation must be given Lo both -•

itit

*a* nAteiaul withparlosely matched lgou-ots must by used fd r blath ive is

par•llelth trblygcoipon ilt Th Huad onim d-ct ibt the ptliys-l impes tllchre suc as.... is used in thi diei i, iiU mut in] thel ouo plt --t r

undI sho l ( -dnec
_________________________during______________

To mw te argt -evword *coprssv xkphWoebya

I tai~yn atkoCeu orieto utb gw obt
Wa mI ein" ~ f~ Mtmly do duac"
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uniform shock impedance and reduces the level of shock reflections normally
experienced at acoustically dissimilar metal interfaces. Similarly, target assembly
interfaces, between the target and abutting momentum traps and spall plate, must
be closely mated to the target using accurate machining. This procedure reduces
the magnitude of the secondary relief waves which are commonly experienced at
free surfaces during the passage of a planar compressive wave.

The width of side momentum trap assembly components must also be sufficient
to prevent tensile relief waves from exterior surfaces re-entering the target, and

i Iintroducing secondary metallurgical damage or microstructural features
uncharacteristic of a planar compressive wave. The base spall plate thickness
should ensure that the incident compressive wave and accompanying rarefaction
can pass into the spall plate before the reflected tensile wave from the back
surface reaches the spall plate specimen interface. Rose and Grace in their work,
provide mathematical models based on the mechanics of shock-wave propagation
to assist in determining these values [6].

PIFate I MoPtor Inifti o Fl o P| .r shock PFle t shocka olle
W14t tiatalv eof 44"1 chute 084 to Vim dttlvtrtd to

Weae to roa'

Figuw 2: Sequence of plane wav generator operation.

2.2 Driver Velocity Deteamination

For the simple flyer plate system shown in Figure 1, a planar slhxk puls. of
predetem-ined peak pressure and pulse duration can be delivered at the target
surface by the manipulation of driver plate thkkne and vlucity. For a given
peek pretse MeqUt4tnuenat the parUde velocity, U• within the target regime
mna be obtained directly for most metal and metal uaoy systesu frou( l radily
availble Hugo"Vot data. As the driver plate velocity. U d, is equal to the We
suxt•ct vtooIOy Upf the target materiA U1d - U for compressi shock pue-,
Ioadin& the eltbizo~s~p betwwo~ U/and Up w n wget ci rinw. can be inferred

U1=2Up (1) 2

For the mousebp alssbly design a dow esimtc of driver pvate -Mity for a
given• drivtrlcuk• cowbiratwo is &Wr uu the Gwu.-,y whtimuhi for an

opi aen aaiwd abatn ~ona Equakvtio

r9 _ _ _ _ _



I
v• [(C/M+4)(CIM+1)] (2)%

Where Vd is the driver velocity, 42 identifies the Gurney constant for the
explosive, M denotes the metal mass and C the explosive mass. These latter two
terms are obtained as a product of the thickness and density of the material in
question. From equation 2, It can be seen that the pressure pulse delivered at te

specimen surface is a function of the thickness and density of the driver material,and detonation velocity of explosive type used. Accordingly the driver velocity

can be modified by simple design variations and the judicious selection of
explosive. The actual driver plate velocity can, however, be more accurately
deterin3ed during the exxriment using flash x-ray imagaig of plate movement..

Shock pulse duration Dt as expressed in equation 3 can again be simply
adjusted by changing driver thickness hd or explosive thickness.

h s lDt (3)

asswhere Ub represents the shock velocity for the particular material system tnder
astudy and can be readily calculated from the Hugoniot relationship for the
material system given U/p, or peak pressure requirement.

S~3. Experimental

: ~The pirane wave generator used in the present work was based on design details
Sprovided by Dupont in a teclu-ical bulletini (8). Although reference was made to

; the use of slx.ial glues for mousetrap con-struction, it was found that tho
assmbly of all components including the attachment of the main driver charge,

t.and driver plate could be succvsfly achieved using masking tape.

* •Two driver assembly designs were used in this test program. Series A drivers
consisted of 3 mui thick Remco iron plate 55 mm or 41 mai square with 7 wma
wide steel co mient strips or 7 umi of explosive overhmig exteuding around

tie -outer driver edge. These configuratioos were- designated Al., AZ. mid A3
mlyped .lTl igure 3. Thd driver "er es was used with a mndard cb rge sz e

55 mmu -squar x 15 ami. Charge length indudes 4=i thick layer of eoxplouive
. ociaW with plae wave gerator -3 series drivers co.sisted of 3 mu' thick
Rewco irn plate 110 nun oer 90umm square with 1livam wide steel ced umt I
bsips or 10 mu of exptosive overhan extending armund th outer driver phate

edge and wre desigiated 1.1)2 and 163 rmpe•,ively. The B s•ries ws us•d with
a Standad ciqiloaive Charle size 110 atu square x 25 mmi Both irthier series
%wre desigind to match the esd dmewsiom of[ the ml-wtive char , with or
wihva steel edge wiTuieweit or to allow an explose ov •erhang apprdowxarn

Wull the e~jtodve chage tuduwssý a formula whk-h was based o the
q0e L idbyVW*1tmI9J. For an urwdic e drivvrcdarge.edge

au~camfta based ca the above fatutula ws ireporte to ensuae a muft wiurwo

10



pressure gradient across the driver surface thereby reducing the amount of in-
flight plate curvature.

Several high purity OFHC copper (Cu 99.999%) targets were also shock
hardened. For copper, only B1 series drivers were used. The experimental
procedure was identical to that used for iron, with the exceptions that driver
thickness was reduced to 2.6 mm and explosive charge length reduced to 20 mm
to provide similar shock pulse conditions to those used for the iron specimens.

A2 A3

Full driver plate lriver with explosive Driver with cru oatlble
charge overhang edge conllneaent

Drier

E:.e conlinement

Figure 3: Driver confiSuiraions.

Driver explosive charges were built up from 2 umn thick Dow Corning DETTA
sheet having an experimentally measured detoration velocity of 7216 m/s. In all

instances, the wain driver plate faces were machined parallel with a thicknea-s
tolerance of A-050 umm, an extremely close toleraice fit with the driver edge
confinement strips was not required.

Target assembly details are provided in Figure ' and follow established des-ign
concepts developed elsewhere 13, 5,6]. The spall plates surrounding the central
Remco iron target were mnachiawd rouim uld steel. TVis material las a closely
matdwd Hugoniot to that of the target material to reduce shock refletimos which
occtur at dissiualr metal ioterfates. The possibility of shlk meflections at
aS.embly interfces, was further u aWiized by machiding and then finAl grinding
Udinfitow to achieve a&w cro surface finish of N4 aud lotora•we fit of * 0.002 uwi.

For shock l ke•,-WV the le wav amd target assembly was situated above
two verticagly sitaced plstic rubh4sh bins filled with water and s•apar:ed by two
layea of Canite% Fig-u 4. The taxga a;sembly suppoa patform cottsi.sted of a
syyrdouai base. 21 x M x -VO umm atthed using double sidedL taM to two
50rm rasquve ayr4Ofo supped barm almgnd with the opivmte edges of the

u~wtb~e t-.Wwauu bwtop.

4I

[ .1
2•4

& mm



F i 'The driver surface was aligned parallel with, respect to the target assemb~ly
using ani accurately machined spacer. Styrofoam supports in contact with the
base platform were then attached using double sided tape to the sides of the plane
wave generator assembly and the spacer block separating driver and target
removed. If required, the water level was adjusted to ensure contact with the
styrofoam base and assist in supporting the target and driver assembly. Water
also provides for soft deceleration of the target following driver impact thus
mininusing secondary damage and providing a quench medium to ensure
retension of the shocked target microstructure. The experimental assembly was
adjusted to ensure the target impact surface was aligned parallel to the centre line
of the flash x-ray heads.

To obtain high quality driver plate images without fOm or cassette damage, two
orthogonally positioned, independently pulsed, 600 kVA flash x-ray units with a
film cassette size 130 x 180) :mm were used. Both the filmi and intensifying screens
were sandwiched between two lead sheets, thickness 0.10 mm front and 0.125 fmm
back, to prevent back-scatter and were enclosed in a 180 x 230 mm h igh density
polythene cassette casing with face plate thickness of 30 mim for film protection.

Cassettes were positioned 300 mm from the target centre and protected with aI
6 mm thick aluminium cover plate. Sharp imiages were obtained using a charge
voltage of 20 kV and output voltage of 440 kV. Delay x-ray trigger timnes of 61 to
62.5 ins from firing pulse provided driver images 3 mm to 5 mmn from the target
surface for series 13 drivers fo -a 30 nm driver/target separation.

delver assembly

lot targel vd ltine

Puit.- hriv distwiic* htw~tLI tIW two vsqeiurntially Pulse 'ay imices, Wa,

Wacrde~d u~iog' a Hewlett PeekAgri 0"0Ow

Fr~ all tAftts pau iimfpac was as&aurd if the prxckted dn*Av/targea inipAc

I&was U'"i than tu aoc &am&s the targd wt(acv (114



SThe finite eleniextt modelling code Dyna3D, incorporating an elastic perfectly
plastic material model, was used to provide a post detonation driver profile
which could be used to assist experimental plannng, and latter compared with
the matching in-flight experimentd images to confirm modelling code pre.Aiction

h~ accuracy.
T'he 40 mim experimental target dimension used was based on mod'elling code-

prediction for a series [2 driver to provide a 45 num square central planar c.ztad
area, assumi-n a 30 mm target to driver separation.,

4. Results and Discussion -

pl 4.1 Performance of DriverAssembly

During early testing the occurrence of non-planar driver impacts was foern'. to be
Ssolely attributable to support platform instability. Static x-raytimages , the

5 ! driver and target setup before detontion, showed thit flexing of the s, :port
platform could result in miligtuneit of target an driver surdace,, prticularly

V after removal of the parallel sided alignment spacer. Where the altyrofoam
supports pr .idcd 'Aificient stiffness to the experimental assembly, planar impact
with the target -u.e&e was consistently achieved using the plane wave generator

For the wsee 9 dnvs pla.-ar slio k pule condition was coltsis, yt
a.in tft ctrntd was
always' ICUs lbt 00a dvsn Gand oltet iav-oeV spwhd W4 hlof a dct-retttwell beOlow
the nwiaxauat two degntesalwbl far the to" of plan wawv co"&dttwt ilO). A
ly'ic4 X-nay pc~fofble a %01!8"e drivr Aftrl wm4U ofttmawl and wune'diatey
Wo -v i



The use of styrofoamn as a support material for the line wave/target assembly
provided no significant impediment to x-ray imaging as well as limiting the
secondary damage to x-ray cassettes. These advantages combined with
manufacturing simplicity and short on-site set-up times far outweighed
styrofoam's low strength disadvantage.

While the plane wave generator used in the present program was relatively
easy to construct, care was required during the manufacture of the line wave
initiator and in particular the accuracy of the explosive perforation dimensions..
Relaxation and movement of the explosive material during cutting necessitated
frequent hole reseizing to ensure dimensional accuracy before removal of the hole
template. This particular problem is demonstrated in Figure 6 where slight
variations in hole diameter were responsible for the non-linear detonation front
shown in Figure 6a compared with the linear wave front achieved with accurately
sized holes in Figure 6b.

Figure 6: (a). Non-linear detonation (b) Linear detonation front.
front.

21
4.2 Driver Distortion

!
For the smaller driver series, Al to A3, the leading face of all driver plates
showed severe curvature after only a few millimetres of travel, with edge
confinement having only a marginal influence on the extent of final plate
curvature, Figure 7. Given the level of plate curvature experienced with this
driver series, realistic shock hardening experiments could not be contemplated.

For the larger driver series, Bi to B3, a central planar area of between 38 mm to
50 mm square was consistently achieved, given a 30 mm driver/target separation
Figures 5&7. However, for any given driver type in this series, a small variation
in the size of the central planar area of driver, available for shock-hardening, was
observed between runs. From Figure 7, it is evident that steel edge confinement
(series B2) was more effective than the equivalent distance of explosive overhang
(series B3) in increasing the central area of plate available for shock hardening.
Series B3 drivers also displayed greater plate edge thinning and spall. Drivers
without steel edge confinement or explosive overhang (series B1) showed only
slightly more plate curvature than series B2 plates (edge confinement) and
consequently, provided an adequate central planar area for shock hardening.
Although, both thinning and spall of the plate edge was more evident with the
full plate than with the series B2 plates, a single full size driver in this size range
provided a satisfactory result at significamtly lower cost.

14
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Series A Drivers Series B Drivers

(Al) Full Plate (Bi) Full Plate
* .. .............................................................

..............

30mm

30mm Travel
Travel Target

55n¶m
Travel

j (A2) Steel Edge Con�nement (B2) Steel Edge Confinement

9' ...............................................

* I' 30mm ....

Travel

Target 30mm

* I 
Travel

(A3) Explosive Overhang (B3) Explosive Overhang

Travel Teig.it

Trave3

Experimental Image
....................... Computer Pedlctlon

I
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For an unconfined explosive charge, the decrease in driver velocity, which
accompanies edge pressure loss, can be estimated for any given plate size and
charge thickness using Brown's method [7]. A plot of driver plate velocity versus
plate size using this method for a constant explosive thickness of 20 mm is shown
in Figure 8. This curve shows that a sharp decrease in plate velocity is predicted
as driver plate dimensions are decreased below 100 mm. An increase in plate size
above this value, however, results in only a small incremental increase in driver

,i velocity. Given that it is the lower edge driving pulse that is responsible for the
decrease in plate velocity, drivers in the size range of series A plates, could be
expected to have a high pressure gradient across the plate surface and therefore
experience considerable in-flight curvature as was observed in the present work.
For the larger series B drivers, the influence of a smailer pressure gradient across
the plate and steel edge confinement, provided a central planar area for shock
hardening of between 45% to 50% that of the original plate area, for a
driver/target separation of 30 ram.

•] ~~2.2 , ,

I'

Theoretical plate velocity
2.0-- ----- -----------------

S/. 1.274

1.2

1.0
0 50 100 150 200 250 300 350

Plate dimensions. mm

* I Figure&8 Relationship betwveen driver size and final plate velocity for an
confined diar~e condition.

* 4.3 Target Examination

Targets were recovered after shock hardening with ordy slight edge bruisiag an~d
no visible surface fractures or defetts. lit all instances the measured reductioll in
the tlticknes of torgets, following shock hardening, was typically less4- than 3%. A
through thickness hardness traverse of sh~ock hardeaed Reruco iron targets,
confirmed that uniforat hardening had occurred. The base nicro-hardiiess value
for the as-received material was increasedA from 126 IA' (100 g load) to 287 HV

* (100 S load). For copper targets, a uniformx incrase hi the asrcived U~dIdnss
frout 58 IA' (100%, load) to 157 HV' (10b, load) was recorded Figures 9a and 91).
The abovellurdiiuess value for shocked Remco iron comipame favourably with the

16
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maximum plateau hardness value of 285 HV (100 g load) reported for a
comparable iron and shock intensity [5].

Microstructural examination of hardened targets revealed no internal fractures
and a uniform distribution of shock associated features throughout the
microstructure. This suggests that the targets were subjected to a reasonably
planar compressive shock pulse, and that the assembly design had prevented

rfetdtensilewae from exterior s al lt ind moetmta ufce
entering the target. It is considered an advantage to closely match spall plate to
target thickness to ensure driver plate momentum is efficiently transferred
through the target to the spall plate.

2 . . .. . .

_ _ _ _ _ _ _ _ _ _ ~ 50Inlidal Hardness 58 HV (1009)

'00 0 21 1 7 2.3 4 5 6 7 a
Thkmv mm Thicmems nmm

Figure 9 (a). 7Through-section hardness (b) Through-section hiardness
trace of a shocked Rernco traceof a shocked copper
iron target. target.

Examination of recovered spall plates always showed longitudinal fractures and
reductions in thickness of approximately 50%. For iron, these spall fracture
surtaces; were smooth and substantially different to the coarser ductile fraactsire
surfaces us.ual~y observed when the induced pressure did not exceed 130 Kbar

* I 4.4 Driu~r 11elocity Determination

The cassette setup used provided sharp in-flight driver plate imiages for
emxperimentQ alocity measuremnents without fiin damnage Figuire 5. The
%.onip',rative results fc.. driver velocities. fromi direct mecasuremient, calculations
using the Gv~rney equation (7, 91 or provided by the miodelinug code Dyiia3D) are
given hi Table 1. For the larger d'ivers (series 13l to B1) this table shows excellent,

4 mt dck xplsiv laedg p rositio ed pbvte3 i hclase sheoety. a

hi Fite u. e 8, is apparetit. The Gurney velocity estimiate I~ lti drie
sewies is con~siderably highor "th the expe~rirnentally deteruinind value and this
variation can be accounted for, usivRs lProwies otethod [7L by the decrease- illor veloit deto ed~ge pret~ure los. Chico odge press' 'e toss effct r

uincuded, bohteexpe'ruaental and colculated velo-city wiahtes were within 8%.
Thmoe lli .d plate v~t.,dzy. howevmi apacars iot to havve been affected by

17
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edge pressure loss. With the larger driveis series, failure of the code to correct for
plate size would not have greatly influenced the final velocity outcome.

]I Table 1: Experinmental and Estimated Driver Velocity

DRIVER DETAILS DRIVER
VELOCITY KmS"1

DRIVER SERIES A Experimental Values Code Gurney Estimate
Estimate

Al Full plate 55 mm square. 1.255 1440 1.488 (1.223)*

A2 Plate 41 mm square plus steel
edge confinement to 55 mm 1.270
square.

A3 Plate 41 mm square plus 1.080 1400 (1.1301)
explosive overhang to 55 mm
square.

DRIVER SERIES B

BI Full plate 110 mm 2.02 2.020 2.028 (1.684)

B2 Plate 90 mm square plus steel
edge confinement to 110 mm 2.01
square.

B33 Plate 90 mm square plus
explosive overhang to 110 mm 1.980 1.980 1.918 (1.634)
square.

"() Velocity Value corrected for edge Pressure loss using B3rown's method.

4S CodclExperiment Comparison

Code simulation and experiwental driver profile comparisons for an equivalent
travel distaWce are shown for both driver series A and B in Figure 7. For the
smaller driver series At to A3, the code image for the full plate situation (series
Al) showed good agreement with experiiaent up to 55 nui of travel at which
point considerable plate curvature had occurred. Close cvode agreement with
experiwent was also observed for the A3 plate where explosive overhang was
used in plawe of edge confhnement. However, in this suttnce, the sniallor travel
distau-e of 25 mui uibtimiu d the deg-. of plate curvature. li contrast, the
experiuienta image for the A2 driver, with steel edge confinement, showed the,
plate to have a more convex evrvature tdtan predicted by the code. 111is
observation of the expe.riental inage slhwwag greater plate curvature thani thlt
predicted by the code, was inconsisteot with the results shown in Figure 7 fer all
the larger sertis B plates. Howevwr, as only oite experimental firing of an A2 plate
was perfomed, the expenima" plate deformatin could iuA be cofdinmed. For

"IF"i II 18I
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the larger driver series Bi to B3, irrespective of the initial driver setup, the code J
profile of tht leading plate edge for a run distance of 30 mm consistently
predicted more plate curvature than that observed in experiment. As small
variations in the experimental driver leading edge profile were observed from run
to run, the comparative code image provided a olose indication to what could be
expected in practice.

A number of modeing runs weert formed using the Zeus finite element
code, utolising dynamic material properties obtained for Remco iron in the shock-
hardened and doubl condition [1de 13]. These dynamic material properties
show that the yield strength of implusively moaded iron is increased to 1000 MPa
prior to plastic flow commencing. ZeuS finite element simulations of driver

devfice a d semi r drvesults to that shown in Figure 7 for Dyna 3D. An
increase in plate hardness, due to shock hardening, is therefore ofikely to

account for the observed differences in plate profile between code sinmlation and
tunexperiment.

5. Summary

"Tohe mouse trap plane wave generator design used in the present work proved
easy to construct, with no specialised equipment required for its manufacture.
The use of styrofoam and double sided tape as lire wave and target assembly
support materials, provided a cost effive method requiring misimal set up
time for undertaking shock hardening experiments. Using the abot e plane wave
device and series B drivers of 110 mr square, a planar shock pulse condition was
readily achieved in the target material. In all instances, the angle of impact
between driver ad target never exceeded one degree, and c most t nstances was,
ess than one half of a degree, well below the two degree allowable for planar o

contact. The use of steel edge confinement with series D drivers had oidy a
marginal influence on the central planar area available for shock-hardening. With
steel edge confinement. a entral phlarr area of up to 50 mm square was available,to undertake shock -hardening experiments, while this was reduced to between 38!
to 45 aim square for a single full plate without confinement. The test design using
explosive, overhang ds plate edge confinoment, provided the smuallest central

planar area of plate available for shock hardenig. Irrespective of the preserce ofedge confinetneii for the smiialler wries A dthivrs of 55 mui square, plate

Curvature was severe ewugh to prevented the use of this design for shockhardening experiments. Accordingly, to minimise plate curvature mid providea
•!i ~ ~prmcicable central plana driver area for shock hardtnwig, driver dimenxsions i

would need to approach 110 mot square. i
*Me target assembly desin,4 although deumnding axid costly to manufacture.

Sprowideal A" hardened tjL jets with~out secondary uietallurgia dmge. 0~
examxined targets showed both undooui hardlening and regular distribution of

.i ~~mikiostruitural shock- fealurms. Th~e modellhig code Dyna 3D provided close
agr.eement for the smialler driver series except for the driver plate design with

::isteel edge confinexet. F-ot the tager driver series however. the modelling code

ti ioutput for all dueo- plate cvidiguratiOn•s, indicated greater curvatwve of the driver
! plate lowding edge than were observed in experiatea
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